Background Although there is no consensus on whether pre-operative MRI in women with breast cancer (BC) benefits surgical treatment, MRI continues to be used preoperatively in practice. This meta-analysis examines the association between pre-operative MRI and surgical outcomes in BC. Methods A systematic review was performed to identify studies reporting quantitative data on pre-operative MRI and surgical outcomes (without restriction by type of surgery received or type of BC) and using a controlled design. Random-effects logistic regression calculated the pooled odds ratio (OR) for each surgical outcome (MRI vs. no-MRI groups), and estimated ORs stratified by study-level age. Subgroup analysis was performed for invasive lobular cancer (ILC). Results Nineteen studies met eligibility criteria: 3 RCTs and 16 comparative studies that included newly diagnosed BC of any type except for three studies restricted to ILC. Primary analysis (85,975 subjects) showed that pre-operative MRI was associated with increased odds of receiving mastectomy [OR 1.39 (1.23, 1.57); p \ 0.001]; similar findings were shown in analyses stratified by study-level median age. Secondary analyses did not find statistical evidence of an effect of MRI on the rates of re-excision, reoperation, or positive margins; however, MRI was significantly associated with increased odds of receiving contralateral prophylactic mastectomy [OR 1.91 (1.25, 2.91 Conclusions Pre-operative MRI is associated with increased odds of receiving ipsilateral mastectomy and contralateral prophylactic mastectomy as surgical treatment in newly diagnosed BC patients.
Introduction
The use of pre-operative breast magnetic resonance imaging (MRI) in patients with breast cancer (BC) remains a controversial issue. Despite a decade of evidence suggesting a lack of clinical benefit, counter-balanced by evidence that MRI detects additional disease not seen with conventional imaging in the cancerous breast, there is no consensus on whether it confers benefit or harm [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The fact that pre-operative MRI increases the detection of additional disease in the affected breast [13] has promulgated the impression that MRI enhances surgical care of newly diagnosed BC patients [1, 2, 4] . Conflicting evidence, from both randomized controlled trials (RCTs) and observational studies, regarding whether MRI improves Electronic supplementary material The online version of this article (doi:10.1007/s10549-017-4324-3) contains supplementary material, which is available to authorized users. surgical treatment or whether it simply leads to more mastectomies [1-3, 5-12, 14-16] , has led to divergent interpretation of its impact and variability in its use as a pre-operative test for BC patients. Previous meta-analyses focusing on pre-operative MRI have reported solely on its detection capability [13] , or have indicated that MRI could increase mastectomy rates but with equivocal findings for some surgical outcomes [6] . It is not surprising then that guidelines give varying recommendations regarding use of pre-operative MRI in newly diagnosed BC and that there is persistent use of MRI for pre-operative surgical planning in BC [10, [17] [18] [19] .
To aid in addressing this controversy, we report a pooled analysis of the association of pre-operative MRI with surgical treatment of women newly diagnosed with invasive BC. We extend our previous meta-analytic work which examined surgical outcomes associated with pre-operative MRI, to ensure that estimates of the effect of MRI reflect all current evidence, and to provide precise estimates for patient cohorts including subgroups.
Methods

Literature search and eligibility criteria
A systematic literature search (MEDLINE, Cochrane Database) was performed in December 2016 to identify primary studies that met pre-defined eligibility criteria, adapted from and updated from our earlier systematic review [6] , as follows: studies of pre-operative MRI that examined surgical outcomes for the ipsilateral breast using a controlled study design (either randomized controlled trial or comparative design); and reporting quantitative data on surgical treatment (initial and final surgery received, or primary surgical treatment) of women with invasive BC; and those including cohorts of patients potentially eligible to receive breast-conserving surgery (BCS) or mastectomy. Studies reporting on cohorts of BC patients that included those with ductal carcinoma in situ (DCIS) were eligible for inclusion; however, studies restricted to DCIS cases were ineligible. Studies reporting on pre-operative MRI based only on cohorts who had MRI (without a control group that did not receive MRI), or restricted to subjects who had received BCS as their definitive treatment (hence removing the potential to receive mastectomy) were ineligible for inclusion, as these study designs do not allow estimation of the effect of MRI on surgical treatment and cannot quantify the primary endpoint of this meta-analysis.
The literature search process, including search terms and number of citations selected or excluded, is summarized in online-only Appendix 1.
Study endpoints
Primary endpoint for this meta-analysis was receipt of mastectomy as surgical treatment of the affected breast. Additional analyses examined the following secondary endpoints (in studies reporting these outcomes): re-excision after receipt of BCS, positive margins after BCS, any reoperation in the overall study cohorts, and receipt of contralateral prophylactic mastectomy.
Extracted data
Study-specific descriptive information (design, timeframe, aggregate age and tumor size where reported, and histology), and quantitative data on surgical outcomes were extracted by one author (NH). Surgical outcomes were defined as follows: receipt of mastectomy for the affected breast, based on primary surgical treatment or based on data for initial and final surgery (number who had mastectomy, number who had BCS); number with positive margins (or incomplete excision due to positive or nonnegative margins) if BCS was initially received; number who had re-excision surgery if BCS was received; number who had any re-operation from total cohort; and receipt of a contralateral prophylactic mastectomy (CPM).
Statistical methods
Random-effects meta-analysis using the DerSimonian and Laird method to pool odds ratios comparing the number of subjects with the above-defined surgical outcomes (based on number with each surgical outcome, from the total cohort or by receipt of BCS) for cohorts who had MRI versus those who did not have MRI (referent group). Random study effects were included in all models to allow for anticipated heterogeneity between studies beyond what would arise from within study sampling error alone; taking account of both within-and between-study variability provides valid standard errors, confidence intervals (CI), and p-values. Study-specific and pooled data, and the estimated ORs and 95% CI were displayed in forest plots. Statistical significance was set at p \ 0.05.
Because only some of the studies reporting on CPM provided sufficient data to determine the numerator for this outcome but all reported adjusted ORs, we calculated the pooled OR for CPM using study-specific adjusted OR estimates; hence for this outcome only study-reported ORs and pooled ORs are displayed in forest plots.
To investigate sources of heterogeneity, we conducted a subgroup analysis by study-level median (or mean) age, stratifying around the median value. A test for subgroup differences was then conducted and shown in stratified analyses. We also examined our estimates in relation to study timeframe using the median value of the years during which studies were conducted. Analyses were performed for studies that included all BC patients, and separately in subgroup analysis for studies that selected cases with invasive lobular cancer (ILC) or reported subgroup data for ILC. We used Stata version 14.2 (StataCorp 2009; College Station, TX) for meta-analysis.
Results
Our search strategy identified 264 citations (additional details in online Appendix 1); of these, 19 studies [3, [14] [15] [16] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] ] met eligibility criteria: 3 RCTs [3, 15, 20] and 16 comparative studies [14, 16, 34] that included newly diagnosed BC of any type and three studies [32] [33] [34] restricted to cases with invasive lobular histology. Of the 19 eligible studies, three studies reported outcome data on all BC types and also provided separate data for invasive lobular cancer (ILC) patients [3, 14, 30] . Two of the eligible studies were based on young women [15, 16] and another two studies [14, 26] were based on older women from overlapping datasets (SEER Medicare data in women aged 66 years and older); only one of the two overlapping studies was included in each analysis (online Appendix 1 provides additional details). Most studies specified that patients who received neoadjuvant therapy were excluded [14, 16, 21, 22, 25, 27, [30] [31] [32] [33] [34] (only one study included patients who had neoadjuvant therapy [15] ). Two studies excluded patients with BRCA gene mutations [23, 31] , otherwise this information was not explicitly reported. Because different studies contributed to the various analyses, total number of subjects is shown for each model; the primary endpoint analysis included 85,975 subjects of whom 15,274 received pre-operative MRI.
The characteristics of each study are summarized in online Appendix 2: studies were heterogeneous in terms of design, and patient and tumor characteristics; extracted variables were inconsistently reported. There was heterogeneity in median or mean age between studies, and within the non-randomized studies patients undergoing MRI generally had younger median or mean age than those who did not have MRI in some studies, as shown in Appendix 2. [3, [14] [15] [16] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Table 1 summarizes the models, including the number of subjects in each model, the overall pooled ORs, and the OR estimates stratified around the median study-level age. Subject numbers varied according to the number of studies reporting data for specific surgical outcomes, and also according to whether the analysis applied to all subjects or only those who received initial BCS. Study-specific data and ORs, and estimated pooled ORs, are displayed in Figs. 1, 2, 3 , 4. Figure 5 shows study-specific adjusted ORs, and estimated pooled ORs for the three studies reporting on CPM.
Modeled estimates
In the overall analyses (Table 1) , there was consistent evidence that MRI was significantly associated with increased odds of receiving mastectomy as treatment for BC [OR 1.39 (95% CI 1.23, 1.57); p \ 0.001], with similar findings shown in analyses stratified by study-level median age. The association between MRI and receipt of mastectomy was also evident in analyses stratified by timeframe of study recruitment (estimates not shown). There was no statistical evidence that MRI had an effect on the odds of re-excision, or the odds of positive margins in those who received BCS-the point estimate for the latter varied in subgroup analysis (Table 1) . Pooled OR for 'any re-operation' also showed no effect from pre-operative MRI [ Modeled estimates-subgroup analysis for ILC Table 2 and Figs. 6, 7 show results for surgical outcomes in the subgroup of patients with invasive lobular histology based on data from six studies [3, 14, 30, [32] [33] [34] . Table 2 summarizes models for rates of re-excision and mastectomy reported in these studies, including the number of subjects in each model and the pooled ORs; age-stratified analyses were not performed because study-level aggregate age was [54 years across studies. Study-specific data and ORs, and estimated pooled ORs, are displayed in outcomes for the ILC subgroup that were reported by only one study were not examined in pooled analysis.
Discussion
Various reviews have discussed the clinical application of pre-operative MRI in newly diagnosed BC patients, including screening of the contralateral breast and monitoring response to neoadjuvant therapy [1, 4, 11, [35] [36] [37] , or have examined its impact on long-term outcomes [38] . In this work, we systematically evaluate and synthesize the evidence on pre-operative MRI and surgical treatment of BC patients to provide updated estimates of the association between receipt of MRI and surgical outcomes. We have focused on studies of invasive BC because a systematic review has recently reported on pre-operative MRI in patients with DCIS [35] . Our study-level pooled analysis, based on 19 studies that had a control group in the design [3, [14] [15] [16] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] , did not find any evidence that pre-operative MRI was associated with improved surgical outcomes. The primary analysis included 85,975 subjects and showed that MRI was associated with increased odds of receiving mastectomy [OR 1.39 (95% CI 1.23, 1.57); p \ 0.001] for BC treatment. That estimate was essentially unchanged in analyses stratified by median study-level aggregate age, and the association persisted in analyses stratified by study timeframe, indicating that the increased mastectomy rate was not a function of older studies done when MRI-guided biopsy was not widely available.
The increased odds of receiving mastectomy as BC treatment attributed to MRI can only benefit patients if it translates into a decrease in local recurrence rates. However, the evidence clearly shows that pre-operative MRI does not reduce the risk of BC recurrence [38] . Individual patient data meta-analysis has shown that 8-year local recurrence-free survival did not significantly differ between patients who had MRI and those who did not have MRI (p = 0.87), and the associated multivariable models found no effect from MRI on local recurrence-free survival: hazard ratio for MRI (vs. no MRI) was 0.88 (p = 0.65), whereas age, margin status, and tumor grade were significantly associated with local recurrence-free survival in that meta-analysis [38] . A recent study with long follow-up similarly found no significant effect from pre-operative MRI: 15-year local failure rates were reported as 8% for patients with and 8% for patients without MRI (p = 0.59) [39] .
The secondary analyses we report considered surgical outcomes examined in only some of the studies, including re-excision rates, rates of positive margins or incomplete excision, and re-operation rates; we did not find statistical evidence of a beneficial effect from MRI on any of these endpoints in the overall or the stratified analyses ( Table 1) . The point estimate for positive margins or incomplete excision [OR 2.66 (95% CI 0.98, 7.25), p = 0.056] in studies with younger study-level median age in the stratified analyses may be interpreted as potential harm; however, this estimate was short of statistical significance and had wide confidence intervals ( Table 1) . The lack of a benefit in reducing the need for additional surgery is particularly noteworthy given the increased rate of mastectomy associated with MRI use. If patients with more extensive disease are being appropriately identified preoperatively with MRI and undergo initial mastectomy, the remainder with relatively limited disease on MRI should be more likely to require only one surgery for successful breast conservation, but this was not the case based on meta-analysis. For the secondary endpoint, CPM, there was evidence that pre-operative MRI was significantly associated with increased odds of receiving contralateral prophylactic mastectomy [OR 1.91 (1.25, 2.91)].
In spite of the continuing lack of evidence that MRI is beneficial in the newly diagnosed BC patient, its use has increased since 2003 [40, 41] . A recent study of a population-based sample of 377 surgeons (77% response rate) treating BC patients between 2013 and 2015 found that 26% would obtain an MRI for an uncomplicated, screendetected clinical stage 1 BC, 60% in a BC patient 45 years of age or younger, and 54% for a triple-negative BC patient [42] . Of responding surgeons, 29% incorrectly indicated that MRI decreases the need for re-excision in patients undergoing breast-conserving surgery and 41% did not believe that the likelihood of mastectomy was increased by pre-operative MRI [42] . These findings show that the evidence regarding the lack of benefit of MRI on peri-operative outcomes remains unknown to a substantial proportion of surgeons, and underscores the need for further educational outreach to the surgical community, underpinned by comprehensive and up-to-date synthesis of the literature as provided in our meta-analysis. This work can also be used to support the development of clinical guidelines on this controversial aspect of breast cancer treatment.
Although we had relatively fewer data in the ILC models (3374 ILC cases in the primary analysis, Table 2 ), the pooled estimates represent the largest comparative analysis in this subgroup of patients in the existing literature, to the best of our knowledge. These analyses did not find any evidence of association between pre-operative MRI and the odds of receiving mastectomy or the odds of re-excision surgery in BC patients with ILC. The present results differ from our earlier systematic review on surgical outcomes from MRI, which had shown that pre-operative MRI increased mastectomy rates in ILC; however, the updated analysis included more studies. A substantial proportion of surgeons (72%) in the survey study discussed above favor the use of MRI for patients with ILC [42] . While this is understandable given the tendency of mammography to underestimate the extent of lobular carcinoma [43] , our meta-analysis does not indicate an improvement in surgical outcomes in women with ILC undergoing the test, suggesting that it is an unnecessary cost [44] when used routinely based on a diagnosis of ILC. Some of the confusion regarding pre-operative indications for MRI stems from guidelines that were predominantly based on expert opinion [10] , promulgating its use for pre-operative evaluation of the ipsilateral and contralateral breast, even while radiologists acknowledge that the level of consensus on its use in patients with invasive ductal cancer undergoing primary surgery is low [45] . Now that a large body of evidence from comparative studies exists and has been synthesized in this metaanalysis, indicating that pre-operative MRI is not associated with improved surgical treatment, and given the broader health context of appropriate use of medical services that also recognizes drivers of ineffective practice [46, 47] , it is time to question the routine use of preoperative MRI for BC patients.
Limitations of this meta-analysis include the heterogeneity between groups and across studies, and that most studies used a comparator group rather than randomization, with only three RCTs contributing data into pooled estimates; hence, bias and confounding cannot be eliminated, and interpretation of our findings should factor in the heterogeneity between studies. Furthermore, inconsistent reporting of study-level data for variables such as age and tumor size (Appendix 2) limited the scope for statistical adjustments. However, our main analyses (studies of all BC histological types) used stratification around the median study-level aggregate age to allow for the observed imbalance in median or mean age among some of the non-randomized studies. Our estimates therefore represent the most comprehensive evidence summary on pre-operative MRI and surgical outcomes, despite the above-mentioned limitations inherent in studylevel meta-analysis. Use of individual person data metaanalysis would allow some of these issues to be better addressed [38] ; however, this was not feasible to undertake for this pooled study.
This meta-analysis of studies comparing surgical outcomes in BC patients who received pre-operative MRI and those who did not receive MRI shows that the use of preoperative MRI is not associated with improved surgical treatment. The outcome associated with pre-operative MRI is an increased likelihood of receipt of mastectomy for the cancerous breast, and increased likelihood of contralateral prophylactic mastectomy, as surgical treatment in newly diagnosed BC patients. Our findings can be used to guide breast surgical practice, to inform transparent discussion with BC patients on the consequences of having pre-operative MRI, and to assist in the development of evidencebased clinical guidelines on pre-operative testing in newly affected women.
